In this study, C 18 -functionalized magnetic silica nanoparticles (Fe 3 O 4 @SiO 2 @C 18 MNPs) based magnetic solid phase extraction (MSPE) was successfully developed for the determination of microcystin-LR (MC-LR) in reservoir water samples followed by high performance liquid chromatography-diode array detection (HPLC-DAD). After the extraction, the adsorbent can be conveniently and rapidly separated from aqueous samples by an external magnet. The main factors influencing the extraction efficiency including the amount of the MNPs, the extraction time, the pH of sample solution and desorption conditions were optimized to obtain high recoveries and extraction efficiency. 
are the highest frequency, the largest quantity and the most serious harm type. [1] MCs are a family of hepatic toxins, which have been considered as potential tumor promoters.
They are also responsible for the poisoning death of wild animals, livestock, poultry, etc. [2] MCs are a kind of monocylic heptapeptide with biological activity. Its general structure ( Figure 1 ) is cyclo (D-Ala-X-D-MeAsp-Z-Adda-D-Glu-Mdha) and relative molecular weight is about 1000. [3] There are more than 60 MCs isoforms that have been identified. [4] MC-LR is one of the most frequent variants. Owing to the increased concerns about the public health risks associated with MCs intake, the WHO recommends a provisional level of 1 µg/L for MC-LR concentration in drinking water. [5] A c c e p t e d M a n u s c r i p t 3 To develop a simple, sensitive and rapid detection method for MCs is necessary and important. The most widespread analytical techniques for MCs include commercial enzyme-linked immunosorbent assays (ELISA), [6] liquid chromatography with UV detection (HPLC-UV), [7] capillary electrophoresis (CE) [8] and liquid chromatography-mass spectrometry (LC-MS). [9] [10] [11] LC-MS offers the advantages of providing specificity and good sensitivity, however, the expensive cost makes it difficultly popularize. HPLC is a powerful tool to separate microsystins, however, UV detector cannot provide the similar sensitivity and selectivity to LC-MS without enrichment prior to analysis, since the concentration of MCs in water is very low (usually at the level of ng/L-μg/L). Therefore, pre-treatment techniques are needed for the enrichment and clean-up of MCs in environmental samples, in order to achieve the ideal determination sensitivity and effectively eliminate contaminants from complex samples.
Up to now, the reported pre-treatment techniques for MCs include solid-phase extraction (SPE), [12] [13] [14] [15] [16] solid-phase microextraction (SPME), [17] cloud point extraction (CPE) [18, 19] and so on. Amongst them, SPE is typically utilized. An HPLC method with UV detection after SPE was published as an ISO 20179 international standard. [12] SPE is also listed as the National Standard Method of China for determination of MCs in water (GB/T 20466-2006). Compared with liquid-liquid extraction, SPE has higher enrichment efficiency, uses less organic solvents and doesn't produce emulsification phenomenon.
This method is easy to realize automation. [20] However, the porous structure of the stationary phase is easily jamed by the complex samples containing colloid or solid A c c e p t e d M a n u s c r i p t 4 granules, resulting in the lower column capacity and extraction efficiency. Moreover, for large volume of water sample, the pretreatment process needs long time, typically 2-4 h for 1 L water sample. Compared with SPE method, SPME has the following advantages:
without organic solvent, no need for clean-up procedures, simple operation and short analysis time. [21] However, SPME fibers are comparatively expensive and have a limited lifetime, as they tend to degrade with repeated usage. [22] Recently, sample extraction by magnetic nanoparticles (MNPs) has increasing attention due to significantly higher surface area-to-volume ratio and superparamagnetic property. [23] [24] [25] [26] [27] The Fe 3 O 4 nanoparticles adsorbed with target compounds can be easily collected by an external magnetic field outside the extraction container without additional centrifugation or filtration of the sample. [28] 18 ) are mostly applied, such as for the determination of methylprednisolone in rat plasma, [29] ergosterol in cigarettes, [30] polycyclic aromatic hydrocarbons in aqueous samples [24] and organophosphorous pesticides in environmental water. [31] A c c e p t e d M a n u s c r i p t 
EXPERIMENTAL

Reagents And Materials
Methanol (HPLC grade) was purchased from Merck (Darmstadt, Germany). Toluene was HPLC grade.
Preparation Of C 18 -Functionalized Magnetic Silica Nanoparticles
C 18 -functionalized magnetic silica nanoparticles (Fe 3 O 4 @SiO 2 @C 18 MNPs) were synthesized according to the previously reported method. [24] The route for preparation of The magnetic C 18 microspheres were strong enough to be easily separated by external magnetic field, as seen from Figure 3 . The size and shape of the prepared microspheres were examined by SEM. As observed, the prepared magnetic C 18 microspheres are homogeneous and spherical, having uniform sizes in the range of 100-190 nm (Figure 3 ).
FT-IR spectroscopy was applied to characterize the magnetic silica microspheres before and after modification with silane coupling agent. Figure 4 shows the FT-IR spectra of 
Optimization Of Mspe Procedure
Recovery was the best indicator of MSPE method. The recoveries of MC-LR in MSPE process was mainly subjected to several factors including the amount of the MNPs, the extraction time, the pH of sample solution and desorption conditions. In this study, these major factors were investigated using a spiked ultrapure water sample (0.4 µg/L), and all the optimization experiments were conducted three times.
Downloaded by [George Mason University] at 13:08 17 December 2014
A c c e p t e d M a n u s c r i p t 9
Effect Of The Amount Of Adsorbent
The amount of the adsorbent was investigated so that the adsorbent not only adsorbs sufficient analysts but also remains utilized. 10, 20, 30, 40 and 50 mg of magnetic C 18 microspheres were discussed and the results were shown in Figure 5A . 
Extracting Time
In the MSPE process, the extraction time is one of the prime factors that influence the extraction of the analytes. The effect of extraction time on the adsorption was investigated from 3-20 min. As shown in Figure 5B , when the sample solution was sonicated for 7 min, the extraction recoveries of MC-LR reached the maximum. This result suggests that the adsorption equilibrium can be achieved at about 7 min. Therefore, an extraction time of 7 min was selected.
Desorption Conditions
The type and volume of elution solvent are vital for the extraction efficiency. So the choice of elution solvent and its optimum volume should be carefully taken into account.
Desorption of the analytes from the magnetic adsorbents was studied using 10 mL of In addition, the desorption time was also investigated from 1 to 5 min under sonicating.
As shown in Figure 5C , the result indicated that desorption time had obvious effect on the extraction efficiency. The extraction recovery for the analytes increased rapidly when the desorption time was increased from 1 to 3 min and then remained almost constant when the desorption time was 3 min. Thus, the desorption time was selected as 3 min. This result indicated that the desorption process was quick and efficient. However, for the adsorption process, the mass transfer of the analytes from water samples to the solid adsorbent was much slower. So the desorption time was much faster than the extraction time (adsorption, 7min).
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Effect Of Solution pH
MC-LR is potentially ionizable compounds. Taking into account the lipophilic phase of the magnetic C 18 microspheres surface, the neutral (i.e., not ionized) forms of the compounds are expected to be easily extracted. In this sense, pH values ranging from 1 to 6 were studied. As can be seen in Figure 5D , the extraction recovery for MC-LR increased when pH < 4, followed by decreasing when pH > 4. The highest signals were obtained when the samples were prepared at pH 4. The effect of sample pH on the extraction efficiency was consistent with the retention factor K of MC-LR on C 18. 
Salt Effect
To investigate the salt effect on the extraction of the MC-LR, NaCl was used to adjust the solution salinity. The results that the peak areas for MC-LR did not obviously increase as the concentration of NaCl increased from 0 to 30%. Therefore, no NaCl was added in the following extractions.
Analytical Performance
Under the optimal conditions mentioned above, the analytical performance of the respectively. Moreover, a high enrichment factor of 500 was obtained. Therefore, the Table 1 shows the comparison of different analytical methods for the determination of MC-LR. The higher sensitivity achieved is 0.02 μg/L based on an on-line trace enrichment SPE system coupled with LC-DAD. [13] As it is difficult to conduct clean-up in the on-line enrichment system, interference will strongly disturb the accuracy of the results. Although the analysis of MC-LR by HPLC-MS/MS [9, 17, 18] can provide lower LODs, the instrument is expensive so as to difficultly popularize. The method developed in our current study presented the lower LODs. Excitedly, the method displays excellent reusability and rapid simple magnetic separation, less than 15 min by just using a magnet.
Comparison Of Different Analytical Methods
On the other hand, compared to previous reports which also employed MSPE, [23, 30, 33] our method has the advantages of larger sample volume (1 L, most reports using lower volume than 350 mL) and higher enrichment factors (500). A c c e p t e d M a n u s c r i p t
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In order to evaluate the method applicability, the water sample collected from Qingdao
Jihongtan reservoir was analyzed. Before use, the water samples were filtered through 0.45 μm membrane. As seen from Figure 6 , no MC-LR was detected in the water sample.
The recoveries were obtained by spiked Qingdao Jihongtan reservoir water samples with 0.500, 1.00 and 4.00 μg/L of MC-LR, respectively. The recoveries and RSDs of spiked Jihongtan reservoir water sample were averaged from three replicate runs, as shown in Table 2 . The recoveries ranged from 73.3-104%, with RSDs in the range of 2.90-4.30%.
In addition, another reservoir water collected in June was studied, possibly eutrophic water sample. Really, as expected, the endogenous MC-LR was detected, 0.51 µg/L.
Fortunately, the tested reservoir water sample also satisfied the drinking water quality since the value was lower than the regulated level of 1 µg/L for MC-LR by WHO.
Therefore, the developed MSPE using Fe 3 O 4 @SiO 2 @C 18 MNPs as adsorbents followed by HPLC-DAD proved practically applicable to MC-LR analysis in reservoir water samples.
CONCLUSIONS
In conclusion, a simple, sensitive and robust 
